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Abstract 
Like most positive-strand RNA viruses, hepatitis C virus (HCV) forms a membrane-
associated replication complex consisting of replicating RNA, viral and host proteins 
anchored to altered cell membranes. We used a combination of qualitative and quantitative 
electron microscopy (EM), immuno-EM and the 3D reconstruction of serial EM sections to 
analyze the host cell membrane alterations induced by HCV. Three different types of 
membrane alteration were observed : vesicles in clusters (ViCs), contiguous vesicles (CVs) 
and double-membrane vesicles (DMVs). The main ultrastructural change observed early in 
infection was the formation of a network of CVs surrounding the lipid droplets. Later stages 
in the infectious cycle were characterized by a large increase in the number of DMVs, which 
may be derived from the CVs. These DMVs are thought to constitute the membranous 
structures harboring the viral replication complexes in which viral replication is firmly and 
permanently established and to protect the virus against double-stranded RNA-triggered host 
antiviral responses. 
 
Keywords: HCV  host cell membranes  membranous web  electron microscopy  3D 
reconstruction 
 
Abbreviations: HCV, hepatitis C virus; DMV, double-membrane vesicle; EM, electron 
microscopy; DMEM, Dulbecco’s modified Eagle medium; mAbs, mouse monoclonal 
antibody; FFU, focus forming unit; BSA, bovine serum albumin; ViC, vesicles in cluster; CV, 
contiguous vesicles; LD, lipid droplet; MMV, multi membrane vesicles; MVB, multivesicular 
bodies; KUNV, Kunjin virus; WNV; West Nile virus; DENV, Dengue virus; VP, vesicle 
packets; CM, convoluted membranes. 
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Introduction 
Hepatitis C virus (HCV), a member of the Flaviviridae family, is a major cause of chronic 
hepatitis, liver cirrhosis and hepatocellular carcinoma worldwide 1. It has a single positive-
strand RNA genome, encoding a large polyprotein precursor that is processed co-and post-
translationally, by cellular and viral proteases, to yield 10 different proteins 2, 3. The 
structural proteins core, E1 and E2 are the main constituents of the virus particle 4. The p7 
and NS2 proteins are required for virion assembly 5, 6, whereas NS3 to NS5B constitute the 
minimal viral replicase 7, 8. This replicase includes the NS3/4A protein, which has serine-
type protease, NTPase and helicase activities, the NS5B RNA-dependent RNA polymerase 
and the NS5A replicase factor. NS4B is a highly hydrophobic protein that plays a major role 
in triggering the rearrangement of intracellular membranes 9, 10. Like most positive-strand 
RNA viruses, HCV forms a membrane-associated replication complex, consisting of viral 
proteins, replicating RNA, altered cellular membranes and other host factors 11, 12. These 
specific membrane alterations, known as the “membranous web”, were first identified with 
the HCV replicase construct model (subgenomic replicon) and were described as a cluster of 
vesicles measuring 80 to 100 nm in diameter 9, 13. 
 We have recently studied these membrane alterations in Huh7.5 cells stably carrying a 
highly replicative subgenomic replicon of the JFH-1 strain 14. We discovered that these 
HCV-induced membranous structures were much more complex than previously thought, 
including the formation of numerous double-membrane vesicles (DMVs), resembling those 
observed for other RNA viruses, such as poliovirus 15 and coronavirus 16. Our 
observations were subsequently confirmed by other studies 17, 18. In this study, we used the 
Huh7.5/JFH-1 HCVcc model reproducing the complete infectious HCV cycle 19-21 to 
analyze, by electron microscopy (EM), the kinetics of virus-induced host cell membrane 
alterations during the course of HCV infection.  
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Materials and Methods 
 
Cell culture 
 
The Huh7.5 cell line (a gift from Dr Rice, Rockefeller University, New York, USA) is a clone 
of the human hepatoma cell line Huh7 obtained by curing stably selected replicon-containing 
cells with interferon and thus supporting efficient HCV replication 22. This cell line was 
grown in Dulbecco’s modified Eagle medium (DMEM; Invitrogen) supplemented with 10% 
fetal calf serum, 100 U/ml penicillin and 100g/ml streptomycin (Invitrogen).  
 
Antibodies 
 
Mouse monoclonal antibody (mAb) against HCV core protein (clone C7-50) was obtained 
from Abcam. The mouse anti-NS5A mAb (clone 2F6) was obtained from BioFront 
Technologies. The mouse anti-dsRNA mAb (clone J2) was obtained from Scicons. 
 
HCVcc and infection of Huh7.5 cells 
 
Cells were infected with the JFH-1 strain 19, optimized by 10 cycles of infection in naive 
Huh7.5 cells, resulting in cytopathic effect six days after infection. This optimized JFH-1 
virus has adaptive T414I (E2), V1048M (NS3), E1703K (NS4A), D2437N, T2439P, V2440L, 
C2441G (NS5A), E2459K, E2460K, V2479G, P2571S, L2804P and A2961T (NS5B) 
mutations (number of amino acids in accordance with the JFH1 polyprotein sequence – data 
not shown). In these infection conditions, this optimized virus with titer-increasing mutations 
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infected 100% of the cells within three days of infection (Fig. S1 in the supplemental 
material). Infectivity titers were calculated in focus-forming units (FFU), by counting the foci 
after core immunostaining. Huh7.5 cells were used to seed 75 cm
2
 flasks (2x10
6
 cells per 
flask), 24h before infection. The cells were incubated for 16h with 2x10
5
 FFU of the adapted 
JFH-1 virus. The inoculum was removed and cells were washed with medium and cultured 
for a further three days.  One flask was treated with trypsin on day 2 to initiate a subculture, 
which was continued until day 6. Each day, a cell pellet was collected for qualitative and 
quantitative EM analysis, and for intracellular HCV RNA quantification. Intracellular HCV 
RNA and extracellular HCV RNA present in the supernatant were quantified as previously 
described 14. 
 
Electron microscopy  
 
For standard ultrastructural analysis by EM, cell pellets were collected daily and treated as 
previously described 14, 23. Briefly, cells were fixed by incubation for 48h in 4% 
paraformaldehyde and 1% glutaraldehyde in 0.1 M phosphate buffer (pH 7.2), washed in 
PBS, postfixed by incubation for 1 h with 2% osmium tetroxide and dehydrated in a graded 
series of ethanol solutions. Cell pellets were embedded in Epon resin (Sigma), which was 
allowed to polymerize for 48 h at 60°C. Ultrathin sections were cut, stained with 5% uranyl 
acetate and 5% lead citrate and deposited on EM grids coated with formvar membrane for 
examination under a JEOL 1230 transmission electron microscope (TEM). For quantitative 
analysis, the various membrane rearrangements were monitored and counted in 60 cells (60 
consecutive sections on the EM grid) from each cell pellet. Uninfected Huh7.5 cells were 
used as a negative control. 
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Immuno-electron microscopy  
 
Huh7.5 cells infected with our adapted JFH-1 virus or Huh7.5 control cells were fixed on day 
6 post infection. Cells were incubated in a solution of 1.5 % paraformaldehyde and 0.025% 
glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) for 1h. They were collected by 
centrifugation and the cell pellet was dehydrated in a graded series of ethanol solutions at -
20°C, with an automatic freezing substitution system (AFS; Leica), and embedded in London 
Resin Gold (LR Gold; Electron Microscopy Science). The resin was allowed to polymerize at 
-25°C under UV light for 72h. Ultrathin sections were cut and placed on collodion-coated EM 
grids. These sections were then blocked by incubation in PBS supplemented with 2% BSA 
(Sigma).  They were then incubated with the monoclonal antibody against HCV core protein, 
the monoclonal antibody against NS5A, or the monoclonal antibody against dsRNA, diluted 
1:50 in PBS supplemented with 1% BSA. Sections were then washed and incubated with an 
appropriate 15 nm gold-particle-conjugated secondary antibody (TebuBio) diluted 1:30 in 
PBS supplemented with 1% BSA. Ultrathin sections were stained with 5% uranyl acetate, 5% 
lead citrate and observed as describe above. For quantitative analysis, were monitored 10 
cells, counting all the gold particles present in these cells, for each type of immunogold 
labeling and for both infected and uninfected Huh7.5 cells (analysis of 10 consecutive cell 
sections on the EM grid for each pellet). 
 
Three-dimensional reconstruction  
 
We recently described the use of serial EM sections for the three-dimensional (3D) 
reconstruction of entire cells producing the HCV core protein 24. We used a similar 
approach here, to generate 3D reconstruction of several whole Huh7.5 cells two days after 
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infection with our JFH-1 adapted virus. Briefly, standard Epon EM blocks were resized for 
the cutting of ribbons of serial ultrathin sections (70 nm thick), which were placed on EM 
grids. These grids were then stained as described above, and electron micrographs were 
acquired with a digital camera for each of the sections of the series. Photoshop software was 
used to align image stacks for these serial EM sections. Contours were drawn with IMOD 
software, through specific cellular structures, including the host-cell membrane 
rearrangements induced by HCV, on the various serial sections. The contours from a stack of 
serial sections were then arranged into objects with IMOD. The contours of each object were 
then joined, using the IMODmesh feature of IMOD, to form a 3D model. 
 
Results 
 
Ultrastructure of host-cell membrane rearrangements during the course of HCV infection  
 
Three different types of membrane alteration were observed (Fig. 1): vesicles in clusters 
(ViCs), contiguous vesicles (CVs) and double-membrane vesicles (DMVs). The ViCs were 
small single-membrane vesicles grouped together in well delimited areas (Fig. 1A). Most of 
these ViCs had an internal invagination (high magnification in Fig. 1B). The CVs were small 
single-membrane vesicles, present in large number and widely distributed through the 
cytoplasm (Fig. 1C). They were tightly associated and tended to form a collar around the lipid 
droplets (LD, high magnification in Fig. 1D). Finally, DMVs were heterogeneous in size and 
had a thick, electron-dense membrane (Fig. 1E). Examination at higher magnification (Fig. 
1F) revealed the presence of a double membrane in some areas, suggesting the close 
association of two membranes in these vesicles, as previously reported in cells stably carrying 
a subgenomic JFH-1 replicon 14 and in cells infected with coronaviruses 16. Some very 
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large DMVs presented more complex structures forming multi-membrane vesicles (MMV) or 
multivesicular bodies (MVB) (data not shown), as previously reported in the subgenomic 
replicon model 14. 
 
Sequential biogenesis of the various membranous structures induced by HCV infection  
 
We analyzed 60 consecutive standard EM sections of Huh7.5 cells collected daily from initial 
infection (day 0) to day 6, in three independent infection experiments (Fig. 2). All types of 
vesicles (ViCs, CVs, DMVs) were observed on day 1. The percentage of cell sections 
containing at least one ViC cluster (composed of 10 to 40 vesicles) increased between days 0 
and 3, subsequently decreasing after cell passage (Fig. 2). Cell sections containing more than 
50 CVs appeared on day 2, and their percentage was variable over time in the different 
experiments. The percentage of cell sections containing more than 50 DMVs was low on day 
2, but gradually increased thereafter, reaching levels of more than 50 % on day 6 (Fig. 2). The 
quantification of viral RNA by real-time PCR showed that intracellular HCV RNA levels 
increased steadily from day 1 to day 4, and then decreased slightly, whereas extracellular 
HCV RNA levels increased steadily from day 3 to day 6 (Fig. 2).  
 
Association of the HCV proteins and RNA with the various membranous structures 
 
We investigated the presence of HCV proteins and RNA potentially associated with these 
structures by performing immuno-EM on control and infected cells prepared by freeze 
substitution on days 2 and 6 post infection. We also studied these cells by confocal 
microscopy (Fig. S2 in the supplemental material), to allow comparison of the overall 
distribution of these HCV components by immuno-EM and immunofluorescence microscopy. 
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The core protein was observed in discrete foci on day 2 but strongly associated with the LD 
on day 6 post infection (Fig. S2). The NS5A protein remained dispersed throughout the 
cytoplasm throughout infection but displayed partial colocalization with LD on day 6 post 
infection. The labeling of dsRNA remained highly punctate from day 2 to day 6 post infection 
(Fig. S2). For the HCV RNA, core and NS5A proteins, the signal was much more intense on 
day 6 post infection than on day 2 post infection (Fig. S2). This may account for the lack of 
significant immuno-EM labeling on immuno-EM of ultrathin cell sections on day 2 post 
infection (data not shown). We therefore focused our immuno-EM analysis on cells studied 
six days after infection (Fig. 3). For these cells, analyzed by freeze substitution, the fixation 
and embedding procedure resulted in a poorer preservation of cell structure than observed 
with standard EM methods, as previously reported by other groups 25. However, cell 
structure was sufficiently well preserved for the observation of HCV core and NS5A proteins 
at the LD surface (Fig. 3A, 3B and 3C), as reported by others in Huh7.5 cells infected with 
the HCV JFH-1 strain 26. Both proteins were also detected in the CVs, particularly in those 
surrounding the LDs (Fig. 3A, 3B and 3D). NS5A was also associated with the membranes of 
the DMVs (Fig. 3E), and dsRNA was detected within the DMVs or associated with their 
membranes (Fig. 3F), as previously observed with the subgenomic JFH-1 replicon model 
14. By monitoring and counting the gold particles in 10 consecutive cell sections for each 
type of immunogold labeling, we determined that 81% of the core protein signal was 
associated with the LD surface, whereas 16% of this signal was associated with the CVs 
(Table 1). For NS5A, we estimated that 60% of the signal was associated with the DMVs, 
27% with the CVs and 13% with the LD surface (Table 1). Finally, the dsRNA signal was 
more heterogeneously distributed, with some labeling of the nucleus and mitochondria in 
some cells, but it was nonetheless predominantly associated with the DMVs (70% of the 
signal, Table 1). 
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Spatial organization of the membrane alterations induced by HCV infection 
  
We performed three-dimensional (3D) reconstruction on several whole infected Huh7.5 cells, 
using a recently developed method based on serial EM sections 24. We found that day 2 
post infection was the best time point for 3D reconstructions, because the cells contained 
numerous CVs and a small number of DMVs at this time. The larger numbers of DMVs at 
later stages of infection made it difficult to visualize intracellular organization clearly. Figure 
4 shows a typical cell, with HCV-induced membranous structures closely associated with LD 
clusters (in yellow). Numerous small CVs (in purple) tend to surround these LDs, with the 
DMVs (in red) forming a massive network. ViCs (in blue) are more discrete structures, with 
only several small clusters identified in this cell.  
 
Discussion 
 
Positive-strand RNA viruses are known to rearrange host cellular membranes to facilitate 
viral genome replication. However, the biogenesis and 3D organization of these membrane 
alterations and their relationship to the various stages of the infectious cycle remain unclear. 
Viruses from the Flaviridae family, including the Kunjin virus (KUNV) – the Australian 
variant of the West Nile virus (WNV) – and Dengue virus (DENV), induce morphologically 
different membrane structures that probably play distinct roles in the viral infectious cycle 
27, 28. Immunolabeling studies with an anti-dsRNA antibody have suggested that 
membrane sacs containing small vesicles, known as vesicle packets (VPs), are the site of 
replication, whereas large convoluted membranes (CMs) are the site of viral polyprotein 
processing 29, 30. In this study, we showed that HCV produces three morphogically 
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different types of vesicle (i.e ViCs, CVs and DMVs), which appear as soon as one day after 
infection. The increase in the number of CVs observed two days after cell infection was 
correlated with an increase in intracellular HCV RNA levels. This correlation suggests a 
possible role for CVs in the early stages of viral replication. The presence of NS5A in these 
CVs, as demonstrated by immunogold staining, is consistent with this hypothesis.  We also 
observed that the number of DMVs gradually increased over time. Further investigations are 
required, but this observation suggests that DMVs may be derived from CVs. Interestingly, a 
similar filiation is now proposed for the poliovirus and coronavirus models 31, 32. DMVs 
were initially thought to carry the coronavirus replication complexes 16, but it has been 
shown that DMVs contain mostly dsRNA associated with several nonstructural proteins, and 
that their contents do not appear to be connected to the cytoplasm 31. These previously 
reported findings for various viral models suggest that DMVs may help to conceal the viral 
RNA, enabling the virus to evade the dsRNA-triggered antiviral responses of the host, such as 
those mediated by the dsRNA-dependent protein kinase. In the coronavirus model, viral 
replication seems to occur preferentially in the membrane rearrangements known as 
convoluted membranes, which may be the precursors of the coronavirus-induced DMVs 31. 
Moreover, a recent study in the poliovirus model demonstrated that DMVs are the most 
prevalent structures at late stages of the infectious cycle and that they originate from single-
membrane structures that predominate during the exponential phase of viral RNA synthesis 
32. It remains unclear whether the similar ultrastructural changes observed in cells in which 
HCV, coronaviruses and polioviruses are replicating reflect a similar intracellular 
organization. In the HCV model, DMVs may be the site of active viral replication, as most of 
the dsRNA signal obtained in our immuno-EM analysis of HCV-infected cells on day 6 post 
infection was located within the DMVs or at DMV membranes. It remains unclear whether 
these DMVs also help to conceal the replicated RNA from the antiviral defense system of the 
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host cell, as suggested in other viral models. Interestingly, in our previous EM investigations 
of Huh7.5 cells stably carrying a highly replicative JFH-1 subgenomic replicon, ViCs and 
CVs were rarely observed, as these cells contained almost exclusively DMVs. However, in 
this particular model, cells are analyzed after the definitive establishment of HCV replication. 
This supports the hypothesis that DMVs are derived from other membranous alterations and 
constitute the main membrane alteration associated with well-established HCV replication. 
 We did not detect the presence of viral components in the ViCs by immuno-EM. The 
lower frequency of these structures than of other membrane alterations and the difficulties 
involved in identifying them in cells prepared by freeze substitution may account for this 
finding. Alternatively, although ViCs were found specifically in HCV-infected cells, they 
may be free of viral proteins and dsRNA. A remarkable and intriguing feature of these ViCs 
was the frequent presence of an intravesicular invagination. Further investigations are 
required to determine whether this particular feature is also linked to the biogenesis of DMVs, 
acting as the source of the future double membrane. The 3D reconstruction of whole HCV-
infected cells demonstrated that all these membrane rearrangements were tightly connected 
and closely associated with the LD clusters. It has been shown that HCV core protein 
accumulates on the surface of LDs, and this attachment is linked to the production of 
infectious viruses in HCV-infected cells 26. NS5A is a membrane-associated RNA-binding 
protein involved in the HCV replication complex that has also been found on the surface of 
LDs and shown to be involved in HCV assembly 33. According to recent models, viral 
assembly involves an interaction between HCV core and RNA-loaded NS5A 34.  However, 
it remains unclear whether this interaction occurs at the surface of LDs or at adjacent host cell 
membranes 34. Our immuno-EM and 3D EM reconstructions of HCV-infected cells suggest 
that the CVs surrounding the LDs may constitute the membranous platform for viral 
assembly. However, we were unable to visualize unambiguously the formation of viral 
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particles in infected cells and in CVs in particular, despite the meticulous observation of serial 
sections from several entire cells. Further efforts are required to improve our understanding of 
the HCV/host cell interactions leading to viral replication and assembly. 
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Fig. 1. Main ultrastructural changes encountered in Huh7.5 cells during the course of HCVcc 
infection (adapted JFH-1 strain). Cells displayed three types of membrane alterations: (A and 
B) vesicles in cluster (ViC), corresponding to a small number (10 to 40) of single-membrane 
vesicles of variable size (100-200 nm) grouped together in a well delimited area; most, if not 
all of these vesicles had an internal invagination (white arrow in the low magnification image 
in A; black arrow in an individual vesicle shown at high magnification in B). (C and D): 
Contiguous vesicles (CV), corresponding to single-membrane vesicles of a more 
homogeneous size (around 100 nm) present in large numbers; these vesicles clustered 
together and frequently formed a collar around lipid droplets (LD, see the white arrows on the 
high magnification image in D). (E and F): Double membrane vesicles (DMV) of extremely 
variable size (150-1000 nm); these vesicles were characterized by a thick, electron-dense 
membrane consisting of two closely apposed membranes (black arrows on the high 
magnification image in F). All these structures were highly specific to HCV infection and 
were not observed in uninfected Huh7.5 cells (not shown). 
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Fig. 2. Quantitative analysis of the various types of vesicle observed in Huh7.5 cells in the six 
days following HCVcc infection, and quantification of intracellular/extracellular HCV RNA. 
(A) Early in the time course, cells were infected on day 0 by incubation for 16h with an 
optimized JFH-1 virus strain, then washed with medium and cultured for a further 3 days. (B) 
One flask was then treated with trypsin on day 2 to initiate a subculture which was continued 
until day 6. Each day, a cell pellet was collected for the qualitative and quantitative analysis, 
by EM, of 60 consecutive cell sections. ViCs were the least abundant structures and their 
frequency is indicated as the percentage (gray dots) of cell sections with at least one vesicle 
cluster. CVs and DMVs were extremely abundant in infected cells and their frequency is 
indicated as the percentage of cell sections containing no (0) vesicles, 1 to 50 vesicles or more 
than 50 vesicles (gray and dark bars). Intracellular (white dots) and extracellular (black dots) 
HCV RNA were quantified at each time point, with the Abbott m2000sp-m2000rt real-time 
PCR assay. In all experiments, uninfected Huh7.5 cells were used as a negative control. The 
data presented are the mean values and standard deviations for three independent 
experiments. 
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Fig. 3. Immuno-EM analyses of Huh7.5 cells on day 6 post infection with HCVcc, prepared 
by freeze substitution. (A and B) Immunogold labeling with a monoclonal antibody against 
core protein was observed over the entire surface of lipid droplets (LD) and on the membrane 
of the adjacent CVs. (C and D) Immunogold labeling with a monoclonal antibody against 
NS5A was more discrete than that for core protein, but was also observed in some areas of the 
LD surface (arrows in C), and on the membrane of the adjacent CVs (arrows in D). (E) 
Immunogold labeling with the monoclonal antibody against NS5A was also observed on 
DMV membranes (arrows). (F) Immunogold labeling with the monoclonal antibody against 
dsRNA was observed within the DMVs or associated with DMV membranes (arrows). These 
observations were specific to Huh7.5-infected cells, as no immunogold labeling was detected 
in the uninfected Huh7.5 cells (not shown). 
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Fig. 4. Three-dimensional reconstruction of a whole Huh7.5 cell two days after infection with 
HCVcc. The standard EM block was resized for the cutting of a ribbon of 140 serial ultrathin 
sections (70 nm thick) to reconstruct this particular cell. Contours were drawn with IMOD 
software through the same specific cellular structures on different serial sections, including 
the plasma membrane (light gray), the nucleus (green), the lipid droplets (yellow), and the 
three types of membrane alterations specifically induced by HCV: ViCs (blue), CVs (purple) 
and DMVs (red). A QuickTime movie of the 3D reconstruction of this cell is also provided as 
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supplemental material, to improve visualization of the spatial distribution of these structures 
within the cell.  
 
 
Table 1 Detection of viral proteins and RNA in the various types of vesicle, by 
immunogold labeling on day 6 post infection 
 
    LDs CVs DMVs Nucleus Mitochondria 
            
       
Core  81% +10 16% +9 3% +1 0 0 
       
NS5A  13% +5 27% +8 60% +17 0 0 
       
dsRNA  12% +9 6% +10 70% +20 3% +5 9% +11 
              
 
For each type of labeling, we monitored and counted all the gold particles in 10 consecutive cell 
sections, for both infected and uninfected cells. The nucleus and mitochondria were analyzed as 
controls. We removed the nonspecific background by subtracting the mean value obtained for a 
particular structure/compartment in the 10 uninfected cells from the values obtained with the 
infected cells. We then determined the percentage of gold particles associated with each 
structure/compartment for each infected cell. The data shown are the mean percentage and 
standard deviations for the 10 infected cells.  
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Fig. S1. Kinetics of infection with the optimized JFH-1 (A) and the wild-type (wt) JFH-1 (B) 
viruses. Huh7.5 cells, cultured as previously described, were used to seed T75 flasks 24h before 
infection at a density of 2x10
6
 cells per T75 flask. They were infected by incubation for 16 h 
with 2x10
5
 FFU of the optimized JFH-1 or the wt JFH-1 viruses, washed with medium and 
cultured for a further three days. One flask was treated with trypsin on day 2 to initiate a 
subculture, which was continued until day 6. Each day, a cell pellet was collected for 
immunofluorescence analysis with the C7-50 anti-core mab (Abcam). The percentage of 
infected cells was determined at the indicated time points for each virus. In these infection 
conditions, the optimized JFH-1 virus infected 100% of the cells after three days of infection, 
whereas the wt JFH-1 virus infected only 6% of the cells six days post infection. 
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Fig. S2. Confocal microscopy analyses comparing Huh7.5 cells on days 2 and 6 after 
infection with HCVcc and uninfected cells. Cells grown on glass coverslips in 24-well plates 
were fixed at various time points, by incubation for 30 minutes with 4% paraformaldehyde in 
PBS at room temperature. The reaction was quenched and the cells were permeabilized by 
incubation for 30 minutes with 0.05% saponin-0.2% bovine serum albumin (BSA) in PBS. 
Cells were incubated for 30 minutes with the monoclonal antibody against HCV core protein, 
the monoclonal antibody against NS5A, or the monoclonal antibody against dsRNA 
(described in the materials and methods section), diluted 1:100 in permeabilization buffer. 
The cells were then washed and incubated with a secondary anti-mouse antibody coupled to 
Alexa Fluor 488 (Molecular Probes, Eugene, OR), diluted 1:1000 in permeabilization buffer. 
For lipid staining, the cells were treated with Nile Red (Sigma Aldrich), diluted 1:1000 (from 
a 1 mg/ml stock solution in acetone) in permeabilization buffer, during incubation with the 
secondary antibody. Lipid droplets (LD) were evenly distributed throughout the cytoplasm in 
uninfected cells and tended to form clusters in HCV-infected cells. The signal obtained with 
the monoclonal antibody against the HCV core protein colocalized strongly with these LDs in 
clusters on day 6 post infection. The signal obtained with the monoclonal antibody against the 
NS5A protein was more diffuse in the cytoplasm but also partly colocalized with the LDs in 
clusters on day 6 post infection. The signal obtained with the monoclonal antibody against 
dsRNA was highly punctate on days 2 and 6 post infection. 
 
